Background-Vaccination coverage with tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap) vaccine in pregnancy or immediately postpartum has been low. Limited data exist on rigorously evaluated interventions to increase maternal vaccination, including Tdap. Tailored messaging based on the Elaboration Likelihood Model (ELM) framework has been successful in improving uptake of some public health interventions. We evaluated the effect of two ELM-based vaccine educational interventions on Tdap vaccination among pregnant African American women, a group of women who tend to have lower vaccine uptake compared with other groups.
Introduction
Pertussis has recently reappeared in the U.S. and in many other countries. [1, 2] Infants too young to be completely vaccinated have the highest burden of pertussis-related morbidity and mortality. [3] [4] [5] [6] Immunization with tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap) vaccine of mothers and others with infant contact is a strategy to protect young infants from pertussis before they are fully vaccinated. In 2011, the Advisory Committee on Immunization Practices (ACIP) recommended that pregnant women who have not previously been vaccinated with Tdap receive the vaccine during the third or late second trimester, or immediately postpartum if not administered during pregnancy. [7] The ACIP currently recommends that pregnant women be vaccinated with Tdap during every pregnancy, regardless of immunization history, and women who are not vaccinated in pregnancy should be vaccinated immediately postpartum. [8] Despite the ACIP recommendations, maternal Tdap vaccination in the U.S. remains low and there is a need for evidence-based strategies for increasing maternal Tdap coverage. However, very limited data exist on rigorously evaluated interventions to increase the coverage of maternal vaccines. [9, 10] Tailored messaging based on the Elaboration Likelihood Model (ELM) framework has been successful in improving human papillomavirus (HPV) vaccine uptake [11] and breast cancer screening, [12] and may be useful in improving pertussis vaccination among pregnant women.
The ELM describes two types of information processing -central and peripheral -by which individuals receive and process information. Central processing is evoked when an individual has the motivation and ability to analyze a message that is information-based and personally relevant; central processing tends to occur for decisions that are higher-risk, and result in stronger and less modifiable behavioral changes. In contrast, peripheral processing is evoked when simplistic messages or peripheral cues (e.g., brand logos) are used; peripheral processing tends to result in behavioral changes that are more subject to change and less enduring. [13] Given that in the context of vaccination a more enduring change in attitude is required, educational messages that utilize the central route may be more appropriate. However, it is unclear how these messages can be effectively delivered. Our evaluation of communication strategies to increase maternal pertussis vaccination helps to fill the substantial evidence gap for rigorously evaluated interventions for increasing vaccine acceptance among this population. [14] This study was designed to: 1) evaluate whether two vaccine education interventions based on the ELM framework administered during the prenatal period improved Tdap vaccination among pregnant African American women, 2) evaluate whether the interventions affect the reasons women report for non-vaccination, 3) assess women's engagement with the interventions, and 4) assess whether provider recommendation was associated with perinatal Tdap vaccination irrespective of education interventions. This study, conducted among pregnant African American women, has important implications for minority women for whom distrust, a lack of information, and fear of vaccination may result in lower vaccination rates compared with other population groups. [7, [15] [16] [17] 
Data and methods

Study design
This study was a prospective, randomized, controlled trial designed to pilot test two ELMbased vaccine education interventions to improve maternal vaccine receipt in the perinatal period. The study population consisted of African American pregnant women in the Atlanta, Georgia metropolitan area. We selected only African American women for our study sample in order to reduce heterogeneity that would result from including women from other diverse racial and ethnic backgrounds for which an array of cultural factors may have played a role in their response to the message framing, formatting style, and content. Women were recruited into the study during routine prenatal care visits at their obstetrician-gynecologist (ob-gyn) offices. Four antenatal clinics in metropolitan Atlanta participated as enrollment sites. The clinics selected for this study served populations of pregnant women who were racially and socioeconomically diverse and represented the metropolitan Atlanta area. Relationships with these clinics were well established through previous research experiences.
Recruitment
Recruitment occurred during the 2013 influenza season (January 30-April 3, 2013); this period was chosen for recruitment because one of the study outcomes of interest was influenza vaccination (results published previously [18] ). Pregnant African American women ages 18-50 years with an expected delivery date of January 30-June 30, 2013 were eligible for inclusion in the study. Women were not eligible if they had already received the influenza or Tdap vaccine during the current pregnancy.
Women were approached by trained study personnel in the waiting rooms of antenatal clinics if they appeared to be eligible for the study (based on pregnancy status, age, and race) and were asked if they would participate in an interview on women's health education. For eligible and interested participants, an informed consent document was read to the participant and written informed consent was obtained. Enrolled women completed a baseline questionnaire to assess attitudes regarding vaccination before randomization.
Randomization and interventions
A master database which provided randomization assignments was generated by non-study personnel. Randomization lists were produced separately for each of the four study sites. Participants were randomly assigned to the control group or to one of two vaccine education interventions based on the ELM central processing route: 1) an affective messaging video titled "Pregnant Pause," or 2) a cognitive messaging iBook titled "Vaccines for a Healthy Pregnancy." Both vaccine education interventions were completed on a handheld electronic tablet device and were designed to take no longer than 20 minutes, to enable patients to complete them while waiting for their prenatal appointments.
The "Pregnant Pause" video was targeted specifically to pregnant women and showed physicians providing detailed information on Tdap and influenza vaccines, the severity of pertussis and influenza, how the vaccines protect pregnant women and newborns, safety information, and the current ACIP recommendations. The interactive iBook was based on an educational tutorial developed for a previous study, [9] but modified to exclude affective testimonial videos of parents whose infants contracted influenza and pertussis. This tutorial provided information through a question-and-answer format on the topics of antenatal Tdap and influenza vaccination, vaccine safety, pertussis and influenza among pregnant women and infants, and the current ACIP recommendations for vaccination during pregnancy. Women could choose the topic(s) that most interested them and complete each tutorial section separately. The video and iBook were given to the women in the waiting room, and if not completed before the woman was called back for her appointment, the woman was allowed to take the iPad to her examination room to complete. Women randomized to the control arm received the standard CDC Vaccine Information Statements (VIS) on Tdap and influenza vaccines. These statements are paper-based, text-only, non-interactive, and do not contain information specifically targeted for pregnant women.
Study personnel recorded start and end times that participants spent on each section of the interventions, and observed the women's engagement in the intervention activities. Study personnel assigned a score of each woman's engagement in the interventions; for each section of the interventions an engagement score between 1 and 5 was given (1=very engaged, 2=engaged, 3=neither engaged nor disengaged, 4=disengaged, 5=very disengaged). Observation by study personnel was done in an unobtrusive manner to minimize the effect on participants' experiences with the interventions. Those who were randomized to one of the two interventions completed a brief post-intervention questionnaire which had been described at enrollment, and which asked about information learned, confidence in the evidence presented, and comprehension of the information. Women in the control group did not complete a post-intervention questionnaire, in order to replicate the currently used practice in which women are provided with text-based vaccine information statements which they must read and comprehend themselves, with no formalized follow-up to ensure their understanding of the information.
Outcomes
The main outcome presented in this paper is Tdap vaccination during the perinatal period, which includes during pregnancy and immediately postpartum (vaccination after delivery and before discharge from the hospital). All perinatal vaccination measured by this study occurred after enrollment, since women who had already received the influenza or Tdap vaccine during the current pregnancy were ineligible to enroll in the study. These outcomes were assessed via self-report during a follow-up survey conducted 1-2 months (mean=47 days) after the expected delivery date. Other outcomes included intention to receive Tdap in the next pregnancy (scale of 0 [definitely will not]-10 [definitely will]) and reasons for nonvaccination with Tdap. The follow-up questionnaire also asked about health of the mother and infant, birth characteristics, Tdap and influenza vaccination during the perinatal period, recommendation by ob-gyn or nurse midwife for Tdap and influenza vaccine, reasons for vaccination or non-vaccination, perceptions and concerns about pertussis and influenza, and plans for vaccination of infants (scale 0 [definitely will not]-10 [definitely will]). Follow-up was conducted via telephone; contact attempts were also made by email or social media for women who had given consent for this type of contact. Participants received grocery store gift cards after completion of the baseline questionnaire ($35) and the follow-up questionnaire ($50).
Study power and sample size
Power and sample size calculations were based on ensuring adequate power for the outcome of maternal vaccination during pregnancy; in order to have 80% power to detect a 20 percentage point increase in vaccine coverage in each of the intervention arms compared with the control arm, we planned to enroll 162 women, or 54 women in each study arm. Due to smaller than expected numbers of eligible participants, the target sample size was not enrolled before the end of the 2013 influenza season recruitment period (January 30-April 3, 2013), and enrollment was not continued after the end of influenza season because one of the primary study outcomes was influenza vaccination. The smaller than planned study sample size results in limited power to detect effects.
Statistical analysis
Descriptive analyses were conducted to characterize the study population. We used chisquare tests and t-tests to test for differences in proportions and means between the randomization arms. We assessed the success of randomization with respect to maternal age, education, gravidity, health insurance, and health seeking behavior. Risk ratios (RRs) were calculated for the dichotomous study outcomes from log-binomial regression models. The outcome maternal intention to be vaccinated with Tdap in the next pregnancy (a 0-10 scale) was divided into three categories (low likelihood [0-3], medium likelihood [4] [5] [6] , and high likelihood [7] [8] [9] [10] ), and polytomous logistic regression models were used to calculate odds ratios (ORs). All analyses were based on intention-to-treat and were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC). This study was approved by the institutional review board of Emory University.
Results
A total of 741 women were approached for recruitment; 224 (30%) declined eligibility screening and 392 (53%) were ineligible ( Fig. 1 ). Out of 125 women who were screened and eligible, 106 (85%) agreed to participate and were enrolled in the study. Ninety-five (90%) of the women completed follow-up after giving birth, of which 34 were in the control group, 31 were in the video group, and 30 were in the iBook group. The remaining 11 women were lost to follow-up due to incorrect telephone numbers or inability to contact them.
Women who completed follow-up were on average 26 years of age ( Table 1 ). The majority of respondents had less than a college degree (91%), and the average number of current children was 1.2 (SD 1.4). Most women (92%) had health insurance at the time of the survey, primarily Medicaid (88%). The mean gestational age at time of enrollment in the study was 7.3 months (range 4.6-9.1 months), calculated based on the due date reported by participants. Most women had not received an influenza vaccine in the last five years (63%) or did not know if they had (12%). Only 10% received an influenza vaccine in at least two of the last five years. More women assigned to the video arm had received an influenza vaccine at least once in the last five years (35%) compared with women assigned to the iBook arm (10%) (p=0.008). At baseline, women were moderately hesitant about getting vaccines that their doctor recommended during pregnancy (4.5 on a scale of 0 [not hesitant] to 10 [very hesitant], and reported low average likelihood of getting the Tdap (3.0) or influenza (2.1) vaccine during their current pregnancy (0 [definitely will not] to 10 [definitely will] scale). In contrast, most women said they planned to vaccinate their babies with all recommended childhood vaccines (8.2).
Overall, 32% of respondents reported receiving Tdap vaccine during the perinatal period ( Fig. 2A) , including 6% (n=6) vaccinated during pregnancy, and an additional 25% (n=24) vaccinated in the immediate postpartum period. No women reported that they were vaccinated with Tdap both during pregnancy and immediately postpartum.
In the control group, 18% of women were vaccinated with Tdap in the perinatal period -6% during pregnancy and 12% immediately postpartum. In the iBook group, 50% of women were vaccinated with Tdap in the perinatal period (Risk Ratio [for comparison with control group]: 2.83; 95% CI, 1.26-6.37); 7% received the vaccine during pregnancy (RR not calculated due to n<5) and 43% received it in the postpartum period (RR: 3.71; 95% CI, 1.37-10.09) ( Fig. 2A, Supplementary Table 1 ). In the video group, 29% were vaccinated with Tdap in the perinatal period (RR: 1.65; 95% CI, 0.66-4.09); 6% received Tdap during pregnancy (RR not calculated due to n<5) and 23% received it in the postpartum period (RR: 1.93; 95% CI, 0.63-5.92).
At baseline, women reported their average likelihood of getting Tdap during the current pregnancy as 3.0 (SD 3.4) on a 0 [definitely will not]-10 [definitely will] scale ( Table 1) . When asked again at follow-up, the average likelihood of getting Tdap during the next 
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Author Manuscript pregnancy was 6.3 (SD 3.6). From baseline to follow-up, women's reported intention to receive Tdap vaccine improved in all three arms of the study (Fig. 2B , Supplementary Table  1 ).
Participant engagement in the intervention, as measured by the observing interviewer, was higher in the video group (88% very engaged or engaged) than in the iBook group (56% very engaged or engaged) ( Fig. 3 , Supplementary Table 2 ). More women in the video group said they felt they could relate to the educational material compared with women in the iBook group (68% vs. 37%, p=0.02), and they were more likely to believe that there was evidence to support the vaccine information presented (77% vs. 50% said the producers of the video and iBook, respectively, could provide evidence to support vaccine claims, p=0.03). The video was also easier to understand, with 97% saying they clearly understood it, compared with 77% of iBook users (p=0.02).
Among women who reported that they did not receive Tdap during pregnancy, the two most frequent reasons were not receiving a recommendation for Tdap from their doctor (48%) and not knowing about Tdap (44%) ( Table 2 ). Other reasons given were unsure what Tdap was for (25%), did not think they were at risk for tetanus, diphtheria, or pertussis (19%), and do not generally take vaccines (14%). A smaller percentage of women in the iBook group reported that they were unsure what Tdap was for (15%, compared with 28% in the control group and 31% in the video group), but differences were not statistically significant.
Among women who recalled their ob-gyn or nurse midwife recommending Tdap during pregnancy, 67% received the vaccine in the perinatal period, compared with 18% among those who did not recall receiving a Tdap recommendation (Table 3 ). In adjusted models, recalling receipt of a Tdap recommendation from an ob-gyn or nurse midwife was associated with increased likelihood to be vaccinated (practice-adjusted model: aRR: 3.45; 95% CI, 1.88-6.34; intervention-adjusted model: aRR: 3.32; 95% CI, 1.85-5.98; models could not adjust for both covariates due to non-convergence). Cell sizes were too small to analyze Tdap vaccination during pregnancy only.
Discussion and conclusions
This is the first prospective randomized controlled trial to comparatively assess the effect of ELM-based education interventions on maternal vaccine uptake. A small number of women in this study were vaccinated with Tdap during their pregnancy; most women who received Tdap sometime in the perinatal period received it immediately postpartum, which is not consistent with the current primary recommendations for Tdap during pregnancy. The iBook -a high-involvement cognitive messaging intervention -was associated with Tdap vaccination immediately postpartum that was more than three times that of women in the control group. However, sample sizes were too small to allow for analysis of improvement in vaccination during pregnancy, which was the primary intent of the iBook. Women in the video group -a high-involvement affective messaging education intervention -had a 65% (but not statistically significant) increase in Tdap vaccination during the perinatal period, also driven by vaccination immediately postpartum. Previous research on the use of entertainment-education has found mixed results on its effectiveness in completely transforming behavior. [19] [20] [21] [22] Although the iBook used in our study could be tailored to each woman's needs through her independent choice of which topic(s) to view and spend time on, in our study women were less engaged with the iBook than with the video, and study participants rated the iBook as less relatable and more difficult to understand than the video. However, of the two education interventions, the iBook was associated with higher Tdap uptake in the perinatal period. The video was designed to evoke an emotional response with its affective entertainment-education storyline, and this approach demonstrated a modest but non-significant improvement in Tdap vaccination during the perinatal period, despite women seeming to be more engaged with it.
Research has been limited on methods to improve Tdap vaccination during pregnancy. An intervention package including an iBook-based interactive tutorial, provider-to-patient talking points, and materials including posters, brochures, and lapel buttons, was tested in obstetric practices in Georgia and was not found to significantly improve pregnant women's vaccination with Tdap [9] or to significantly change women's attitudes and beliefs toward receiving Tdap vaccine during pregnancy [23] . These studies evaluating interventions to improve perinatal Tdap vaccination have been conducted in limited geographic areas, and more geographically diverse research is needed. Given the differing findings related to the effect of educational interventions on perinatal Tdap vaccination in our study and others, future research should investigate what specific factors motivate women in different racial and socioeconomic strata to receive a Tdap vaccination during pregnancy.
In our study, women's reported intention to receive Tdap in the next pregnancy improved in all three arms from baseline to follow-up, which may be because of involvement in the study itself resulting in greater awareness of Tdap. However, this study did not follow women to their next pregnancy to determine whether intent to be vaccinated in the future translated into actual vaccination. We found that the two most frequent barriers to vaccination were lack of physician recommendation and lack of knowledge about Tdap. Even when women were provided with tailored information on Tdap, it appears that some women did not process the information or remember the messages that were presented. Following a vaccination campaign in England, women who decided not to get vaccinated gave similar reasons regarding feeling uninformed, lack of provider recommendation and encouragement, and uncertainties about risks. [24] We found that medical provider recommendation of Tdap vaccination was strongly associated with increased receipt of Tdap during the perinatal period, which Chamberlain et al. similarly found [9] . Physician recommendation and offer of vaccine have been associated with improved coverage for many vaccines, including influenza and pneumococcal vaccination of high-risk adults, [25] influenza vaccination of older adults, [26] HPV vaccination of adolescents, [27] and influenza vaccination of women during pregnancy. [28] This study has several limitations. It was designed as a pilot study, and therefore has a small sample size and limited power to detect effects. The target sample size was calculated based on ensuring adequate power for the outcome of influenza vaccination during pregnancy, which is more common in the population than Tdap vaccination. Also, because of smaller than expected numbers of eligible participants resulting in slower recruitment before the end of the 2013 influenza season, the target sample size was not reached. Thus, this study is underpowered for detecting differences in Tdap outcomes, and we were unable to model Tdap vaccination during pregnancy due to small cell sizes. Second, vaccination and provider recommendation were based only on self-report, and may be subject to poor recall. We did not validate vaccination or provider recommendation using medical records or a vaccine registry. Women were asked about vaccination on average 1.5 months after delivery, and misclassification of Tdap vaccination status is a possibility. It is also possible that women confused Tdap with influenza vaccine, since both are recommended during pregnancy. Additionally, women may not have accurately reported whether their provider recommended Tdap; they may have forgotten that they received a recommendation, or inaccurately reported a postpartum recommendation as a recommendation received during pregnancy. Third, we do not have information on the delivery hospital of each woman and Tdap vaccination policies there, so we cannot control for this potentially important source of confounding. Fourth, all analyses were conducted based on intention-to-treat, but it is possible that some of the women who were randomized to the education interventions did not have time to complete the entire activity while waiting for their prenatal appointment. If women were unable to complete either of the interventions, they may have missed important messages or failed to process the information, which would result in biased estimates of effect. We did not collect information on the number of women who were unable to complete the interventions in the available time. Fifth, the population included in this study was limited to African American women in a southeastern metropolitan area. Therefore, findings may not be generalizable to non-African American populations or to populations outside of the target geographic area.
In conclusion, in this randomized controlled trial, most women who reported receiving Tdap in the perinatal period received it immediately postpartum. Only a small number were vaccinated during pregnancy and in accordance with the current recommendations. Provider recommendation for Tdap vaccination was associated with increased likelihood of vaccination in the perinatal period, but health care providers may not be providing adequate information to all women, resulting in overall sub-optimal Tdap vaccination of pregnant women. This study suggests that education interventions that provide targeted information for pregnant women in an interactive manner may be useful in improving Tdap vaccination in the perinatal period, but larger studies among more heterogeneous populations are needed.
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